Background: A shift in biochemical research towards drugs for rare diseases has created new challenges for the pharmaceutical industry, government regulators, health technology assessment agencies, and public and private payers. In this article, we aim to comprehensively review, characterize, identify possible trends, and explore reasons for negative reimbursement recommendations in submissions made to the Common Drug Review (CDR) for drugs for rare diseases (DRD) at the Canadian Agency for Drugs and Technologies in Health (CADTH), a publicly funded pan-Canadian health technology assessment agency. A public database (cadth.ca) was screened to identify DRD submissions to CDR. A diseases prevalence of ≤50 per 100,000 people was considered a rare disease. We calculated descriptive statistics for prevalence, study design, study size, treatment cost, reimbursement recommendation types, and reasons for negative reimbursement recommendations. (range: $9,706 to $940,084). Reimbursement recommendations were positive for 54% of the submissions. Negative reimbursement recommendations were made due to a lack of clinical effectiveness (38.5%), insufficient evidence (30.8%), multiple reasons (23.1%), or lack of cost effectiveness/high cost (7.7%). Conclusion: The number of DRD submissions to CDR increased since 2013; from 4 to 5 per year between 2004 and 2012, to 10, 9, and 8 in 2013, 2014, and 2015 respectively. More than half of DRD submissions received positive reimbursement recommendation. Poor quality evidence and/or lack of supportive clinical evidence was at least partly responsible for a negative reimbursement recommendation in all cases. Although the average cost of DRD treatments was high, high cost was a reason for a negative reimbursement recommendation in only two (7.7%) of negative reimbursement recommendations.
Background
The pipeline of drugs for rare diseases (DRD) has been increasing as biochemical research has shifted focus from blockbusters to 'niche' drugs [1] . While all rare diseases, by definition, affect relatively small populations, the exact number of patients affected and the extent of the severity of the condition used to define a rare disease is a matter of continuous debate [2] . The regulator in Canada, Health Canada, is yet to officially adopt a definition of a rare disease, although in a 2014 press release, Health Canada defined a rare disease as a "lifethreatening, seriously debilitating, or serious chronic condition that only affects a very small number of patients (typically less than 5 in 10,000 persons)" [3] .
The Canadian Agency for Drugs and Technologies in Health (CADTH) is a publicly funded Canadian health technology assessment (HTA) organization that evaluates drugs for reimbursement purposes through its Common Drug Review (CDR) and pan-Canadian Oncology Drug Review [pCODR] processes [4] . Through its advisory body, the Canadian Drug Expert Committee (CDEC), CADTH offers non-binding reimbursement recommendations to all public drug plans in Canada except for those in Quebec, which has a separate review process. Overall, CDEC provides reimbursement recommendations under three themes: List, List with clinical criteria or conditions, and do not list. It has been reported that participating drug plans adhere to these recommendations in more than 90% of formulary listings [4] . In 2012, CADTH received a formal mandate from its federal, provincial, and territorial (F/P/T) funders to review DRDs [5] . Prior to 2012, there was no formal distinction given for DRDs and CADTH evaluated such drugs under the same process as non-DRDs. After a formal stakeholder consultation, CADTH decided to keep the evaluation of DRDs under an enhanced CDR process, with more emphasis on engagement of specialists, patient input, and offering opportunities for manufacturers to engage in dialogue with CADTH earlier in the presubmission phase [6] . As such, CADTH has no formal definition that would make a distinction between DRDs and non-DRDs.
This report provides a summary of key characteristics for all DRD submissions that have been filed for review through the CDR process, an analysis of the volume and frequency of DRD submissions, and a detailed examination of the reimbursement recommendations and reasons for reimbursement recommendation that have been issued for DRDs. This will allow us to draw a bigger picture of the fast evolving landscape of DRDs, explore the characters of DRDs CDR submissions, and to gain insight into the evidence base that supports HTA process for DRDs.
Methods
On February 3, 2016, CDR reimbursement recommendation reports published on the CADTH website (www.cadth.ca) were screened for inclusion in this review. A drug was included if it was reviewed for use in the management of a disease with a prevalence or birth prevalence of less than 50 in 100,000 people. This definition of rare diseases is in line with most international jurisdictions [2] . Two independent reviewers (G.J. and W.A.) screened the retrieved reports. First-level screening excluded CDR reports with indications for diseases that are not rare. Second-level screening required the reviewer to provide the prevalence of the disease before a decision to exclude or include was made. Discrepancy between the two reviewers was resolved through arbitration of a third independent reviewer (T.R.). One reviewer (G.J.) extracted the following data from the published CDR reports: CADTH project ID, project status, date of submission, type of submission, disease under review, prevalence of disease under review, Health Canada indication, manufacturer name, drug brand name, drug non-proprietary name, number of studies considered within the CDR review, type of studies considered in each submission, comparisons used in the studies, size of the largest study, highest evidence level (with no double counting allowed), per patient annual treatment cost, cost per quality-adjusted life year (QALY), reimbursement recommendation, and reason(s) for a negative reimbursement recommendation. If prevalence data were not reported in the CDR report, we sought a Canadian published estimate in the literature, if such estimate could not be found, then the prevalence point estimates was informed from the Orphanet report series [7] . Full data-set is available from the corresponding author upon reasonable request.
We categorized reimbursement recommendations as either "List", "Do Not List", or "List with Conditions/Criteria". A reimbursement recommendation of "do not list at the submitted price" was classified as "Do Not List". We thematically explored reasons for a negative reimbursement recommendation (i.e., a "Do Not List") based on the most prominent reason stated within the recommendation report, and each reason was categorized as one of the following:
Insufficient evidence: in cases where the committee found the evidence to be of poor quality with a high degree of statistical uncertainty and methodological limitations Lack of clinical effectiveness: in cases where the committee could not determine the actual clinical value to be observed in practice due to a lack of (a) relevant clinical outcomes, (b) knowledge of what constituted a minimal clinically important difference (MCID), or (c) the use of outcomes that are not validated. Usually, in this category, high-quality studies would have been considered, and the drug would have potentially shown statistical significance in possible surrogate outcomes Lack of cost-effectiveness/high cost: in cases where the committee determined the treatment price to be contextually unacceptable Multiple reasons: in cases where more than one of the aforementioned reasons was applicable Due to the implementation of a revised reimbursement recommendation framework at the CADTH CDR in November 2012 [8] , a subgroup analysis of CDEC reimbursement recommendations that were issued after October 2012 were further analyzed separately. The accuracy of the extracted data was verified by a second reviewer (T.R.).
We calculated descriptive statistics of various parameters, including the average, standard deviation (SD), 95% confidence interval (95%CI), median, and range of continuous variables. Categorical variables are presented as percentages.
Results
Of 434 records retrieved on February 3, 2016, we identified 63 submissions for DRDs. Of these 63 submissions, four were ongoing at the time of the search, and the reimbursement recommendations and clinical report were not available. Therefore, there was no information available for these DRDs regarding the studies included in the submission, the price, and reimbursement recom- Figure 1 illustrates the temporal trend in the volume of DRD submissions. Table 1 lists the date of each submission, along with the drug name, manufacturer name, the rare disease for which the drug is indicated, the prevalence of the disease, and the CDEC reimbursement recommendation. Examination of these data revealed that Pfizer Canada made more DRD submissions than any other pharmaceutical manufacturer (a total of six submissions), followed by Genzyme Canada (five submissions), and Alexion, Hoffman-La Roche, and Novartis (four submissions each).
Of the 63 DRD submissions, approximately half (30 or 47.6%) were for drugs that were classified by Health Canada as biologics, with the remainder being small molecules. The average prevalence of diseases for which DRD submissions were reviewed at CDR was 14.0 patients per 100,000 people (SD: 16.0; 95%CI: 9.9 to 18.0; range: 0.2 to 50.0 per 100,000 people; median: 7.4 per 100,000 people). Figure 2 presents the number of submissions by prevalence. Figure 2 illustrates that more than half of all DRD submissions (61.9%) were for treatments for rare diseases with a prevalence of less than 10 patients per 100,000 people, with the remainder of the DRD submissions (38.1%) being for treatments for diseases with a prevalence between 10 and 50 patients per 100,000 people. This suggests that there is a tendency for DRD submissions to target relatively less prevalent rare diseases.
Of the 54 (85.7%) submissions in which the number of clinical studies considered by CDEC was reported, the average number of clinical studies per submission was 2.5 (SD: 2.0; 95%CI: 2.0 to 3.0), with a median of 2 and a range of 1 to 14 (Fig. 3) . Of the 57 (90.5%) submissions for which information about the types of studies was available, 47 (74.6.7%) had at least one double-blind randomized clinical trial (RCT) as the highest level of evidence, 3 submissions (4.7%) had at least one openlabel RCT as the highest level of evidence, and 7 (11.1%) had at least one non-controlled trial as highest level of evidence (Fig. 4) . The study size (i.e., number of study subjects) for clinical studies that were considered in the CDR review of DRD submissions was reported for 49 (77.8%) of the included submissions. The largest clinical study per submission ranged from 20 to 742 subjects, with a median of 122 subjects. The average size of the largest study within each submission was 171.9 (SD: 171.9; 95%CI: 140.1 to 238.8). Figure 5 presents the number of submissions by the size of the largest included trial.
Information regarding the annual treatment cost per patient was available for only 31 (49.2%) of the included DRD submissions. The reasons for not reporting the annual treatment cost included confidential pricing (15 submissions or 23.8%), an annual treatment cost not applicable to the indication under review (12 submissions or 19.0%), or ongoing or withdrawn submissions (5 submissions or 7.9%). The average annual treatment cost per patient for the 31 DRD submission for which cost information was available was $215,632 (SD: 240,858.8; 95%CI: 127,283.9 to 303,979.3), with a median of $104,890 with a minimum annual price of $9,706 and a maximum annual price of $940,084. Figure 6 illustrates almost half of the DRD submissions (45.2%) were for treatments with a cost greater than $200,000 per patient per year.
Analysis of the type of reimbursement recommendations issued since 2004 for DRD submissions revealed Fig. 2 Number of CDR submissions for drugs for rare diseases by indicated disease prevalence. Numbers above columns indicate the number of submissions Fig. 3 Number of CDR submissions for drugs for rare diseases by the number of clinical studies considered in each submission. Numbers above columns indicate the number of submissions that a negative reimbursement recommendation was issued for 26 (44.8%) submissions, while one submission was withdrawn (1.7%); the remaining 31 submissions (53.5%) received positive reimbursement recommendations, of which 8.6% were to "list" and 44.8% were to "list with criteria/conditions" (Fig. 7) . Not included in the previous analysis are four submissions that were ongoing at the time of data collection, as such no recommendation was available, and one submission was a request for advice that did not yield a published recommendation. Overall, reasons for a negative reimbursement recommendation included lack of clinical effectiveness (10 submissions or 38.5%), insufficient evidence (8 submissions or 30.8%), multiple reasons (6 submissions or 23.1%), and lack of cost-effectiveness/high cost (2 submissions or 7.7%) (Fig. 8) . A subgroup analysis of reimbursement recommendations and reasons for a negative reimbursement recommendations issued after the new CDEC framework took effect in November, 2012, revealed that 15 submissions (65.2%) received a positive recommendation ("list with criteria/conditions") while 8 submissions (34.8)% received a negative recommendation ("do not list"). Reimbursement recommendations. The most frequent reason for a negative reimbursement 
Discussion
Since its inception in 2004, the CADTH CDR has received a total of 63 DRD submissions (based on a definition of a rare disease being any disease with a prevalence of <50 patients per 100,000). These 63 submissions have addressed 35 unique rare diseases, which represents a very small proportion of the approximately 7,000 rare diseases described to date [9] . The number of DRD submissions received annually increased recently, from 1 to 5 submissions between 2004 and 2006 to 8 to 10 submissions between 2013 and 2015. Whether this reflects a general increase in the development of DRDs in unclear, although this would not be an unreasonable conclusion based on reports by others of increased focus of manufacturers on treatment for rare diseases [1, 10] . If the increase in the number of DRD submissions observed in our study continues, this suggests that HTA agencies such as the CADTH CDR will likely be required to review an increasingly large number of DRD submissions in future, which could pose some challenges given the unique clinical and economic complexities of these types of submission.
One of the greatest challenges in determining whether treatments for rare diseases are effective is the generation of sufficiently robust clinical data, because it is difficult to adequately power clinical studies due to a dearth of patients with the rare disease being studied. The difficulties encountered with recruiting adequate numbers of patients has led to the general perception that many aspects of conventional study designs are unfeasible in the study of DRDs. We expected to find mostly small size studies and single arm uncontrolled designs. However, 82.5% of the submissions with information on study design included at least one doubleblinded RCT, and 71.4% of the submissions had enrolled more than 150 patients in their studies; this was despite most DRD submissions being for DRDs with a prevalence of <10 patients per 100,000 people. Our findings provide evidence that the aforementioned perception may be incorrect in most cases, and instead, suggest that it is indeed possible to design and conduct high-quality clinical studies despite issues with patient recruitment.
The average annual treatment cost per patient for the DRD submissions made to the CADTH CDR was $215,631, and almost half of the reported treatment costs were over $200,000 annually. This average, however, was calculated from only approximately half of the submissions, as cost information was either not reported or was redacted from published reports. Cost information was not available in most cases due to confidential pricing. Although rare diseases affect small numbers of people on an individual basis, approximately 7,000 unique rare diseases have been described to date [7] , and as a whole, it is estimated that rare diseases affect 1 in 12 Canadians [11] . Moreover, the pace of development of treatments for rare diseases has increased in recent years [1, 10] , which might be reflected in the increased growth in the number of DRD submissions made to CDR over the last few years. The potential future implications on public financial health resources that could result from increased development and funding of highcost DRDs will require the timely development of innovative regulatory, HTA, and reimbursement frameworks to mitigate issues such as high opportunity costs and to ensure access to effective DRDs.
Over half of all the DRD CDR submissions received a positive reimbursement recommendation. The 'do not list' reimbursement recommendation was mostly due to reasons related to either lack of clinical efficacy or lack of enough evidence to inform on clinical efficacy. Given that most studies have supplied high-quality design, the reason for a 'do not list' due to 'lack of clinical effectiveness' was largely concerned with a lack of clinically relevant outcomes. This can be a challenge in rare-disease research as the use of surrogate outcomes could prove more convenient, statistically and financially, than clinical outcomes. With the recent emphasis towards more engagement of patients, evaluation committees want to assess beyond the surrogate outcomes and need to know if tangible changes that will better patient's quality of life are considered in the research [11] . Clinical outcomes, patientreported outcomes with a minimally important clinical difference, and surrogate outcomes with established clinical associations are needed to address the insufficient evidence in some of the DRD CDR submissions.
A CDEC reimbursement recommendation is nonbinding on the CDR-participating drug plans. Each of the drug plans subsequently makes its own decisions based on the CDEC recommendation in addition to other factors including the plan's mandate, jurisdictional priorities, panCanadian Pharmaceutical Alliance (pCPA) negotiations, and financial resources. Although we used a prevalence rate of < 50 per 100,000 people as a definition of a rare disease for the purpose of this analysis, CADTH has no formal definition for DRDs. In March 2016, CADTH published an update to the CDEC framework [12] . The framework provides guidance on the deliberation for drugs that may fulfill a significant unmet clinical need, and the rarity of the condition is only one of several factors that are considered to define a significant unmet clinical need.
While we have provided a comprehensive picture of the characteristics of DRD submissions to the CADTH CDR, our study is not without limitations. First, data extraction was conducted by one reviewer and verified by another, rather than in duplicate; while verification would ensure a high level of accuracy, it is not as accurate as a duplicate extraction. Second, our estimated prevalence values were in some cases derived from different sources and most were based on prevalence rates for populations in countries other than Canada; therefore, these values might not be an accurate representation of Canadian prevalence rates. In addition, we did not take into account the variability in prevalence among different locations; therefore, we might have included diseases that are not rare in all countries, while we might not have included diseases that are rare in some countries. This issue was further complicated by the fact that a challenge for the reviewers was whether to consider a drug that targets a small subpopulation of a common disease as a DRD. It was decided to keep the focus on drugs with a condition that is unique and rare versus a very small subpopulation of a relatively more common disease. Finally, the number of submissions that we identified was not sufficiently large to perform robust statistical analysis of associations among different characteristics.
Conclusions
The annual number of DRD submissions made to the CADTH CDR has approximately doubled increased since 2013 compared to previous years, reflecting growth in the development of treatments for rare diseases. Over the last decade, more than half of DRD submissions resulted in a positive CDEC reimbursement recommendation, while most submissions that received a negative recommendation were characterized by low-quality clinical evidence and/or a lack of supportive clinical evidence. Although the average cost of DRD treatments in submissions made to the CDR is high, high cost was not a reason for a negative reimbursement recommendation in any recommendation after October 2012. 
